[Univ. Calif. Radiat. Lab. Rep. UCRL-328 (1949)] suggested a radiochemical method using a fission reactor based on the reaction v + 37C1 -37Ar + e-. They did not pursue the method. Alvarez was dissuaded by his estimates of the background to be anticipated from cosmic rays; these estimates later proved to be correct for the reactors then available. As we know now, the neutrino produced in fission is be and the neutrino required for the 37C1 reaction is Ve, so the reactor result would have been negative even though the neutrino exists. Clyde Cowan left a legacy that will live in the annals of physics. In the search for that polsearch for that poltergeist, the neutrino, he exhibited the courage to tackle a problem that had defied experimentalists for 20 years and the creative imagination to contribute in a fundamental way to its solution.
Harrison, G. Salvini, ibid. 78, 488 (1950)] that liquids could be made to scintillate with high efficiency when the scintillating compound was at low concentration. Our contribution was to recognize that with a sufficiently transparent scintillator and enough photocathode area, one should, in principle, be able to make a detector of almost arbitrarily great size-just what was needed for neutrino detection. Our first large detector, nicknamed El Monstro, was a 1-m3 bipyramidal brass tank containing toluene and viewed on the top and bottom by four 2-inch photomultiplier tubes. Our subsequent detectors employed many more photomultipliers to increase light collection and so obtain the desired energy resolution. ) which, taken together with our observation, proved that although the be existed it was incapable of inverting 37Ar decay. This suggested that the neutrino emitted by neutron-rich fission fragments (e-decay), ie, was different from the ve emitted in e+ decay, which at that time was one of the two possibilities to be checked. 13. This prediction incorporated the then held belief that parity is conserved in the weak interaction. In view of the large experimental errors and the poorly known be spectrum, we considered this crude agreement consistent with the ve origin of the signal and continued our program to make be extremely useful for particle physics, eventually including neutrinos at accelerators.) 8 Clyde Cowan left a legacy that will live in the annals of physics. In the search for that polsearch for that poltergeist, the neutrino, he exhibited the courage to tackle a problem that had defied experimentalists for 20 years and the creative imagination to contribute in a fundamental way to its solution.
Of the 700 living species of echolocating bats in the mammalian order Chiroptera (1), about 600 actively pursue prey, probably with partial or complete guidance by sonar. The great majority of these bats are insectivorous and chase airborne insects or glean resting insects Modern portable electronic equipment for recording and analyzing the ultrasonic orientation signals used by bats (4, 6) has broadened the range of species of bats that have been studied while they hunt. The number of species about which something is known is now large enough for a comparative analysis of some aspects of hunting strategies as they are related to echolocation. In this article we discuss the relationships found among feeding behavior, echolocation, and the acoustic environment within which bats seek their prey.
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that have been observed hunting, echolocation serves as an important perceptual modality for finding prey (3, 4). In laboratory studies on their pursuit of airborne targets, bats use echolocation for detecting, locating, identifying, and tracking prey to a successful capture (5).
Modern portable electronic equipment for recording and analyzing the ultrasonic orientation signals used by bats (4, 6) has broadened the range of species of bats that have been studied while they hunt. The number of species about which something is known is now large enough for a comparative analysis of some aspects of hunting strategies as they are related to echolocation. In this article we discuss the relationships found among feeding behavior, echolocation, and the acoustic environment within which bats seek their prey. In that only the prey target is of apparent concern to the bat, this is a basic pur- The short-CF component, which, like the search signal of Tadarida, may actually sweep through a narrow range, is associated with detection of targets. It is a short-CF component in that it is narrowband. The FM component during search and at other times probably gives the bat a good acoustic image of objects in the immediate area as well as of the prey once it is detected. The bat "keeps an ear out" for potential dangers to its flight. When E. fuscus is performing an echo detection or other task in the laboratory, and echo signal-to-noise ratios are degraded through addition of noise interference, the bat adds a short-CF component to the end of each FM sound (Fig. 2d) (7) . The pattern of sonar emissions exhibited by E. fuscus while hunting is also used by a variety of other species, including bats in the widely distributed genera Myotis and Pipistrellus (4). It is this kind of acoustic behavior during feeding that characterizes bats to most people.
A number of different species of bats, found particularly but not exclusively in the tropics, may use a variation of this echolocation strategy in which the short-CF component precedes the FM sweep rather than follows it. (Fig.  1, b and c) , except that they are less intense.
The orientation sounds used by P. hastatus for catching mealworms are broad in bandwidth not so much because they sweep extensively as because they 5 JANUARY 1979 combine several FM harmonics that together cover a wide span of frequencies. Their bandwidth ensures good resolution of target and background features, including a mealworm against an irregular floor. These signals represent a highresolution, clutter-rejecting pursuit strategy. In perceptual terms it is an extremely sophisticated strategy in that large amounts of information must be processed to distinguish prey from clutter. Many bats use multiple-harmonic, broadband signals in the terminal stage of insect pursuit (Fig. 1, b and c) . Multiple-harmonic FM orientation sounds seem to be used rather commonly for targets at close ranges or in clutter. Tadarida brasiliensis uses a three-harmonic FM signal in small spaces or in a room (Fig. 2c) (12) .
The next category of pursuit behavior is introduced here in the context of clutter rejection because it has been observed to function for that purpose. Bats as potential prey (4, 15, 23) . The bat may pay less attention to unmoving objects, which would be an efficient specialization of behavior.
Pursuit of prey by fishing bats. Noctilio leporinus uses sonar to detect and locate small fish at the surface of water (18) . This behavior requires the detection of ripples caused by the fish or the detection of a small part of the fish (a fin) projecting above the surface; it might appear to be a special instance of target detection and identification in the presence of clutter. Figure 2e shows the sequence of orientation sounds used by Noctilio as it detects, approaches, and attacks prey in water. The sequence of signals progresses from short-CF-FM to FM waveforms during the pursuit. The signal patterns resemble the echolocation behavior of P. personatus (Fig. lc) , except that only one harmonic is used by Noctilio.
It is apparent from many observations that multiple-harmonic signals are associated with the presence of clutter or even the proximity of individual as opposed to complex obstacles. Noctilio can use multiple-harmonic signals in some circumstances (18), so it is somewhat surprising that it does not do so routinely when pursuing fish. The single-harmonic signals used by Noctilio suggest that detection and localization of ripples or small objects on a smooth water surface may not, in fact, be an instance of echolocation in clutter. It may be that the reflective properties of an object on water are such that the object appears as an isolated acoustic event, a discontinuity in the surface. Noctilio behaves more like Tadarida than like Pteronotus when examined from this viewpoint. Research is needed to answer this question.
Adaptive Changes in Echolocation
The data presented in the previous sections illustrate the ways in which different species of bats have evolved with differences in their sonar systems to more closely meet the requirements of their particular acoustic environments. Some of these species differences appear to be features of echolocation as part of each bat's genotype and not strictly situation-based adaptations of a single generalized form of echolocation possessed by all bats. When such diverse species as Eptesicus, Phyllostomus, Pteronotus, and Rhinolophus are placed in the same situation, a target-range discrimination task, they still use different sonar signals and perform differently (7). However, when Tadarida is placed in this situation it abandons its characteristic single-harmonic FM sounds (Fig. la) and uses multiple-harmonic FM sounds quite similar to those of Eptesicus (Fig. 2c) .
The changes observed in the signals of all bats in the search, approach, and terminal stages of the pursuit of prey are illustrations of adaptive changes within individuals to different acoustic tasks: detection versus identification and localization. The range of adaptations that can occur is limited by the genotype, however. Some species are extremely adaptable (Tadarida), some are mcderately adaptable (Eptesicus and Pteronotus), and some are relatively inflexible (Rhinolophus) in terms of their orientation sounds. Recent studies of the species P. phyllotis suggest that it may be particularly flexible in its use of sonar sounds (17) . Figure 2b shows spectrograms of several different kinds of orientation sounds recorded from P. phyllotis in different situations. These signals encompass the range of signal types used by nearly all bat species. Tadarida exhibits a comparable breadth of adaptability. It remains to be seen whether many more species will prove to be more flexible than we know at present.
